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Abstract 

Introduction. The increased intensity of noise and vibration of railway traffic may become not only an urgent problem 
in the field of occupational safety, but also a serious environmental problem in the near future due to the constant need 
to increase the weight of freight trains, the speed of passenger trains and the capacity of railway lines. Recently, a lot 
has been done to minimize the negative effects of noise and vibration in railway transport. However, the problem of 
exceeding the indicators of vibration noise factors remains relevant. Reducing the harmful effects helps to improve the 
working conditions of train crew employees and improve the comfortable conditions of transport passengers. As a rule, 
the main focus of the analysis is on the external impact of vibroacoustic factors on residential areas and less attention is 
paid to the impact on rolling stock. However, these studies do not provide a complete picture of how noise and vibration 
actually affect the train in motion. The aim of the study was to obtain the result of an analysis of the impact of 
vibroacoustic factors on train crew workers and to propose a method of comprehensive protection based on the use of 
vibration damping materials. 

Materials and Methods. \n the course of the work, regulatory documents were studied, a comprehensive analysis of 
relevant information on this topic was carried out, and methods for calculating vibration and vibration acceleration were 
used. The values of the sound pressure levels were obtained using a SPM-101 sound level meter. The object of the 
study was a carriage of the "reserved seat" type in the process of movement. As part of the research plan, sound 
pressure was measured at selected sites and a class of working conditions was determined. 

Results. The result of the analysis of the impact of vibroacoustic factors on train crew workers indicated the need to 
strengthen comprehensive measures to protect them. The obtained calculation of the vibration force became the basis of 
the method proposed by the authors to minimize the harmful effects of vibroacoustic factors, which was based on the 
use of vibration and sound insulation materials suitable for the necessary acoustic parameters in the construction of the 
car. In particular, it was proposed to cover the floor of the car with dense rubber and the ceiling of the car with an 
inorganic fiber material for sound insulation. The work also provides an economic assessment of the effectiveness of 
measures to minimize harmful vibration noise effects. 

Discussion and Conclusion. The proposed methods for minimizing noise and vibration impacts can help reduce the level 
of sound pressure and vibration indicators to standard values, which will significantly reduce the negative impact of 
vibroacoustic factors on train crew workers and railway passengers. The considered complex for minimizing vibration and 
noise includes a set of methods in which affordable materials based on recycled substances have found application. 
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AHHOTalna 

Beedenue. WloppiienHad MHTCHCHBHOCTb WyMa HM BHOpallHH Ha %KeJIe3HOLOPOXHOM TpaHCopTe MOXKeT cTaTb He 
TOJIbKO aKTYaJIbBHOM MpoOsIeMOM B OOaCTH OxpaHbI Tpyia, HO MW Cepbe3HO 9KOOrHYeCKON MpoOsemon B OWKaiIeM 
OyAyWeM 13-3a HeEOOXOAMMOCTH MOCTOAHHOTO YBeIMYeCHHA BECa py3OBbIX MOe30B, MOBbILICHHA CKOPOCTH ABYKeCHHA 
TlaCCa@KHPCKHX M0e3JOB HU BO3PaCTaHHA IIPOMyCKHOM CHOCOOHOCTH %*Kee3HOROPOKHIX WHHu. B nocneqHee BpeMa 
HeMasIO CeaHO [It MMHHMMU3alHH HeraTHBHOTO BO3AeiCTBHA LyMa UM BHOpaln Ha %KeTIe3HOAOPOXKHOM TpaHcriopte. 
OyHako mpoOseMa MpeBbilieHua WoKa3aTeyIei BHOpOulyMOBbIX akKTOpOB oOcTaeTca akTyaJIbHOH. YMeHbureHve 
BPeAHOTO BO3CHCTBHA WIyMa HM BHOpalHH clocoOcTByeT YIyYWIeHHIO YCOBHM Tpyqa paOOTHHKOB Moe3qHbIxX Opuray u 
TIOBBILMCHHIO KOMOPTHBIX YCIOBHU It TaccaxkuposB. Kak mpaBHsio, OCHOBHOe BHUMaHHe pH aHasiM3e BoO3elCTBHA 
BHOpoakyCTHYeCKHX (akTOpoOB yAeIAeTCA BHEWIHeEMy HX BO3eHMCTBHIO Ha CeJIMTeOHy!O TeppUTOpHIO H MeHbIe — 
BO3JCHCTBHIO Ha MOABWKHOM cocTaB. K TOMy 2Ke Take HCCIeOBaHHA He ABJIAIOTCA KOMIVICKCHBIMH, TaK Kak He aloT 
MOJHOTO IpecTaBIeHHA O BO3AeHCTBHU WyMa HM BHOpalMu HelocpeCTBeHHO Ha CocTaB B ABYXKeHHH. Len JaHHoro 
YccIeqOBaHHA — aHasIM3 BO3eliCTBHA BHOpoakycTM4eCKHX (aKTOpOB Ha paOOTHHKOB Moe3qHbIX Opurayq u 
TaccaKHpOB JWIt pa3paOOTKH MeTOa UX KOMIVJIeCKCHOM 3al[MTbl, OCHOBAaHHOrO Ha TpHMeHeHHH BHOporacaMHx 
MaTepHasios. 

Mamepuaaoi u memoooi. B xoje padote Obl H3y4eHbI HOPMATHBHbIe JOKYMCHTHI, IPOBeeH KOMIVICKCHBIM aHasi3 
aKTY@IbHOM WMH(OpMallHu 10 WaHHOM TeMe, MCHOb30BaHbI MeTOAMKM 10 pacueTy BHOpaljuH H BHOpoyckopeHna. 
3HaueHHA ypOBHel 3BYKOBOTO WaBJICHHA OBIIM MOJLYYeHbI C MOMOLIbIO WtyMoMepa SPM-101. OObexrom ucceqoBaHuA 
Obl BbIOpaH BaroH THIa «IalKapT> BO BpeMa JBMKeHHA. B paMKax HccIeqOBaHHA ObIIO H3MepeHO 3BYKOBOe 
WjaBJIeHve Ha BbIOpaHHBIX y4acTKax JOPOrH HM ONpeyseseH Kacc yCNOBUH Tpya. 

Pe3yibmamoi ucciedosanui. PezsynbTaT anaiM3a Bo3yelcTBHa BHOpoakycTuyecKHx (baKTOpoB Ha paOOTHHKOB 
TOe3HBIX OpHray, CBHACTEIBCTBYeT B HEOOXOAMMOCTH YCHJICHHA KOMITJICKCHBIX Mep HX 3alHTbI. [lomyaeHHblit pacuerT 
CHJIbl BHOpalMH cTajI OCHOBOM Mpeo%KeHHOrTO aBTOpaMH MeTOJla MMHHMV3alHH BpesHoro § BoselcCTBHA 
BHOpoakyCTHYecKHX (akTOpOB, B OCHOBe KOTOpOrO MCMOb30BaHHe B KOHCTpyKUMM BaroHa BHOpo- Hu 
3BYKOM30JIMpYIOWMX MaTepHasoB, MOAXOAAIMX MO HeOOXOHMBbIM akyCTHYecKMM MapaMetpamM. B= uacTHocTH, 
TIPCAIOKeHO C WebIO UIYMOV30JAUHH Ha MON BaroHa YIOKUTb MWIOTHYIO pe3sHHy, a Ha MOTONOK — MaTepHval 13 
HeopraHMyeckoro BosIOKHa. B padote TakwKe aHa 9KOHOMMYeCKad OleHKa 930:pdeKTHBHOCTH MeponpHATH 10 
MHHMMH3alH BpeHOrO BHOPOMIyMOBOrO BO3eHCTBHA. 

O6cyatcoenue u 3akmouenue. UpeznoKeHHble MeTOAbI MHHHMV3alM WIYMOBOrO MH BHOpalMOHHOTO BO3eHCTBHA MOryT 
CHOCOOCTBOBaTb CHWKEHHIO YPOBHA 3BYKOBOrO AaBJICHHA WM WOKa3aTesel BHOpallMH JO HOPMaTHBHBIX 3Ha4eHHH, 4TO 
COKpaTHT HeraTHBHOe BO3elCTBHe BHOpoakycTHYecKUX PakTOpOB Ha paOOTHHKOB Noe3sqHOM Opuraybl w Maccaxkupos. 
PaccMoTpeHHBbIM KOMIMIeKC 10 MHHMMH3alIH BHOpallu MU WyMa BKIOUaeT B CeOA COBOKYIHOCTb MeTOOB, B KOTOPBIX 
Hall TIPHMeHeHHe O10JPKeTHbIe MaTepHalibl, CO31aHHble Ha OCHOBe BTOPHYHO MepepaooTaHHoro CBIpbA. 


Ksnouesble CJI0Ba: 3BYKOBOeC JaBJICHHe, BHOpalHa, IWYMOBOEC 3arpASHeHHE, WTYMOHKS30J1IALMA 
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Introduction. Rail transport has always created and continues to create noise and vibration, which, in most cases, 
cannot be fully eliminated and are likely to have a negative impact on the environment, despite the use of various 
mitigation measures. The problem of reducing the impact of noise and vibration of railway transport on people and the 
impact on engineering structures is very difficult due to the large number of parameters and factors of distribution of 
noise and vibration energy. The negative impact of vibroacoustic factors is growing every year due to an increase in the 
number and weight of freight cars, their high wear and tear, untimely maintenance of passenger cars, as well as the lack 
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of free space in urban areas, as a result of which new business and residential facilities are located in close proximity to 
the railway. The problem of noise and vibration from railway transport is especially acute in large cities with large 
railway connections, mainly due to short distances from the railway tracks to the nearest buildings. This fact limits the 
possibilities for taking measures to reduce noise and vibration. To date, the primary task is to protect against excess 
sound pressure using the "external noise source — environment" system. The system implies the impact of noise on 
nearby infrastructure facilities, residential areas, and nature. Protection against such impacts is achieved by installing 
acoustic screens. With their help, it is possible to significantly reduce the sound pressure. 

The problem of complex protection against vibroacoustic effects is still poorly studied. It is also worth noting the 
lack of vibration damping devices that would be able to reduce the combined effects of noise and vibration. According 
to the authors, the scientific novelty of this study lies precisely in the fact that an integrated approach to solving the 
problem of minimizing the impact of vibroacoustic factors is considered and simple noise-absorbing materials for their 
mass installation are proposed. 

Vibration from rail transport can have negative effects directly or in combination with background noise. A 
significant excess of noise level standards causes discomfort not only to employees and passengers, but also to residents 
of areas adjacent to the railway track, and is often a significant cause of deterioration in well-being and decreased 
performance. The specificity of noise pollution in railway transport is such that, with long-term exposure in 
combination with vibration, it has a very negative effect on railway transport workers [1]. Prolonged and systematic 
exposure to excessive noise pressure can lead to the development of chronic diseases of the nervous system, 
musculoskeletal system, be the cause of loss of vigilance, deterioration of well-being, discomfort, feelings of 
irritation [2]. Constant exposure to noise, even at nominal values (especially at night), can cause sleep disorders and 
chronic neuroses [3]. The number of people with sleep disorders is very large — most are exposed to constant noise 
of 50-60 dB at night, which, in the absence of other daytime noise sources, is one of the main factors of insomnia [4]. 

Of all the harmful environmental factors, vibration is one of the most widespread ones. From 50 to 70% of the 
population is under its influence [5]. The analysis of vibrations resulting from the movement of rolling stock is very 
important, since the railway is the main transport system covering most of the territory of our country and neighboring 
countries. The volume and quantity of goods transported by rail are growing every year [6]. 

Working vibration of the rails occurs at the junction of the wheel and the rail (wheel — rail system) and spreads not 
only through the track support system to the ground cover and surrounding buildings, but also directly to the rolling 
stock. In some cases, passengers can directly feel the vibration, which is usually referred to as vibration from the 
interaction of the rolling stock and the railroad bed. Ground vibrations caused by railway traffic mainly occur in the 
contact area between the wheel and the rail [7]. Therefore, it is important that the effect of this mechanism of 
occurrence of a negative factor is minimized. The main source of vibration on the railway is rolling vibration caused by 
an imperfect working surface of the wheel and defects on the working surface of the rail. These vibrations are 
transmitted to the wheel and track structures, which leads to the occurrence of the values exceeding the threshold for the 
main octave levels. As a result, vibration, transmitted through the wheelsets, the car truck, causes vibration of the car 
body, which is especially noticeable at high train speed. High-amplitude vibrations can lead to a critical condition of car 
components, damage to the structure of the rail rolling stock. In order to preserve equipment, vibrations of this kind 
should be reduced not only in the wheel — rail system, but also by directly taking measures to protect the main parts of 
the car. This, in turn, minimizes the appearance of secondary vibration from the car body. To minimize the mechanical 
impact of the wheel and rail, the surface of the rail should be as smooth as possible. The vibrations created by the 
construction of the car and car truck should also be minimized in order to reduce the amount of vibrations transmitted to 
people in the car [8]. In order to create a system with the desired acoustic and structural-dynamic properties, while 
minimizing human exposure to noise and vibration, it is necessary to take into account the design of the track, wheels, 
trucks, and cars. Another important aspect is to ensure that these parts are maintained appropriately (timely maintenance 
and scheduled repairs). 

Current vibration reduction methods are generally divided into two main categories: the category of passive 
measures and the category of active measures. Currently, passive measures are most often used. These include the use 
of traditional vibration dampers, shock absorption systems of various kinds (collision of cars) and insulation of the 
base [5]. However, modern vibration reduction methods should be aimed at passive-active vibration control, which 
consists in the active application of a force equal to the opposite forces created by external vibration. Sometimes, to 
dampen the vibrations, it is proposed to use developed control systems and damping forces that create vibration, as well 
as structures created on the basis of new composite materials. In particular, piezoelectric elements can be used to 
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dampen excessive vibration'. The essence of this method is that a piezoelectric element generates electrical energy 
under mechanical tension and reacts in the form of deformation if electric energy is applied to it. Another method of 
minimizing noise and vibration is the method of using disc brakes instead of cast iron pads. The replacement of cast- 
iron blocks with agglomeration or composite ones is an alternative to disc brakes, which are more difficult to adapt, 
install and are expensive. All the methods mentioned above are aimed at the main components of the car. The authors 
carried out a calculation of vibration insulation in the car itself in the passenger seats. 

Materials and Methods. A "reserved seat" type car was considered as the research material. The measurements 
were carried out using a sound pressure measuring device — SPM-101 sound level meter. The areas with the most 
negative impact of the vibroacoustic factor were selected based on the design features of the car truck and the internal 
structure of the car space. Consequently, the research plan included measuring the sound pressure in the car and 
determining the class of working conditions. 

To analyze the possibility of noise reduction in the source of a "reserved seat" type car, the scheme of the car was 
considered and the areas of the most negative impact of vibroacoustic factors were marked on it (Fig. 1). These sections 
implied the highest sound pressure levels in the car, and as a result, a critical negative impact from vibroacoustic effects 
under various conditions (speed, state of the railway track, ete-) 


1 2 


Fig. 1. Sound pressure values in the car by sections (1, 2, 3) 


The next method of studying the minimization of vibration effects was the calculation of vibration insulation of 
passenger seats in the car based on methodology”. Vibration-proof inserts made of rubber material were used. The floor 
of the car at the base of the seat vibrated with frequency f= 50 Hz, with vibration velocity v = 0.4 m/s and a seat weight 
of 22 kg. Let us assume a passenger weighs 70 kg. Modulus of elasticity: Ojon = 0.04 MPa, E = 2.5 MPa, h=0.1 m, 
coefficient of resistance € = 600 H:s/m. 

Let us determine the mass of inserts when the passenger is sitting. The passenger's weight per seat is 70%, which 
means: 


m, = 70-0.7=49 kg, (1) 
Mog = 494+22=71kg. (2) 
Let us determine the maximum static deflection of the inserts: 
fo) 
Z = ho = 0.1. = 16-104, (3) 
E, 250 
Frequency response of natural vibrations of an amortized passenger seat will be: 
eee ee eee a (4) 


fZ 16-107 


Vibration transmission coefficient is determined by formula: 


' Snizhenie urovnya shuma v krivykh. Zheleznye dorogi mira. 2009;6:70-76. URL: https://zdmira.com/images/pdf/dm2009-06_70-76.pdf (accessed: 
14.11.2023). (In Russ.). 

2 Posobie po  akusticheskoi  vibroizolyatsii tsentrobezhnykh_ mashin. Moscow: Izdatel'stvo literatury po stroitel'stvu; 1973. 35 p. 
URL: https://meganorm.ru/Data2/1/4293801/4293801338.pdf (accessed: 14.11.2023). (In Russ.). 
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2 
1+ [20 2) 
ui) 
. (5) 


Let us find relative damping D and circular frequency w: 


D= Bi = 0.05. (6) 
2M )°M,5 2:79-71 


no esos (7) 
@ 79 


We get: 


1+(2-0.05-4) 
T= +(2-0.05-4) = (0.071. (8) 


on +(2-0.05-4)° 


Then we determine the vibration velocity on the seat: 


v=0.4-0.071 =0.028 m/s. (9) 
Frequency of oscillation of the seat will be: 
@o 79 
== = 12.57 Hz. 10 
Ion 33.14 my 


Results. According to GOST 33787-2019, for a frequency of 12.57 Hz, vibration velocity should not 
exceed 0.0056 m/s?. The indicator obtained as a result of the calculation did not meet this requirement. To improve it, a 
vibration-proof material with other characteristics could be used — this could be a composite sheet made of tough 
rubbers (Fig. 2). Due to a higher coefficient of resistance, vibration exposure could be minimized. 


Fig. 2. Location of the vibration-proof material: 
1 — passenger seat; 2 — vibration-proof insert 


3 GOST 33787-2019. Rolling stock equipment. Shock and vibration tests. URL: https://docs.cntd.ru/document/1200170805 (accessed: 14.12.2023). 
(In Russ.). 
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Table 1 shows the results of measuring sound pressure levels in the areas shown in Figure 1. Comparing them with 
the norms of the sound level in the car according to SP 2.5.3650-20, we could conclude that there was an excess of 
indicators‘. 


Table 1 
Noise pressure indicators in the car by zones 
Section, no. Sound level, dB 
1 77.5 
2 74.1 
3 78.5 


The calculations carried out in this work allowed the authors to conclude that it was necessary to use a method 
for minimizing vibroacoustic factors based on the use of vibration-damping materials. Its effectiveness was 
confirmed by the presented study. The authors have proposed a set of measures, including the installation of 
noise-absorbing material in the lining of the ceiling of the car in the most noise-prone areas to minimize noise 
pollution. The material was a composite of inorganic fibers with a sheet thickness of 2 to 4 cm. Additionally, to 
reduce noise and vibration, it was suggested to install inserts in the car's floor, similar to the creation of a 
shock-absorbing system. To calculate the effectiveness of the method, the vibration effect on the passenger seat 
was calculated taking into account the vibration of the floor of the car. The material was safe in operation for 
humans and the environment, met the fire safety criteria that were established for a passenger car in accordance 
with order of JSC "Russian Railways" dated November 5, 2009 No. 2255p°. 

Discussion and Conclusion. The assessment of the effects of vibration and noise obtained in this study shows 
that it significantly affects the working conditions of train crew workers and passengers. Workers who spend a lot 
of time on the road, workers who repair tracks in the immediate vicinity of the railway track, and train passengers 
are exposed to extremely harmful noise and vibration effects, which have a devastating effect on their health. 
Therefore, it is so important to minimize this harmful effect at the source of its occurrence. Undoubtedly, the 
improvement of the existing and the introduction of new methods to minimize the effects of noise and vibration 
factors on the railway will positively affect the health of employees and will contribute to the creation of a 
favorable social environment. It is worth emphasizing that measures to minimize the negative effects of noise and 
vibration from railway trains give a relatively small economic effect, but at the same time, they are of great value 
for ensuring the protection of the health of both employees and passengers, creating conditions that are more 
comfortable for them. 

The complex of measures proposed by the authors to minimize vibration and noise uses materials created from 
recycled raw materials. Tough rubber is used for the floor of the car, and an inorganic fiber composite with a 
thickness of 2-4 cm is used for the ceiling. By equipping wagons with these materials, it is possible to achieve: 

— minimization of noise pressure in the car by 7-12 Db; 

— reduction of the vibration effect. 
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3aABNeHHbIU BKIAO Coaemopoe: 

JJ.A. CokonoB — mpopeyeHve 3KCIIepHMeHTa, aHaIH3 pe3yIbTaTOB HccIeqOBaHH, NOATOTOBKa Hu odopMiIeHue 
TeKCTa CTaTbH, (POPMUPOBAaHHe BBIBOOB. 

E.M. Tonopuna — HayyHoe pyKOBOACTBO, POPMUPOBaHHe OCHOBHOM KOHIEIIMH, We HW 3aqau UcceqOBaHHaA. 


Kondauxm uHMepeco6. ABTOPBHI 3aABJIALOT 06 OTCYTCTBUU KOHIMKTAa MHTCpecos. 


Bce aemopoi npowumaau u odobpusu OKOHYaMeNbHoIU Bapuanm pyKonucu. 
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